The Laurell 'rocket' technique of immunoelectrophoresis has been used to quantitate seven specific serum proteins in a control population of 50 healthy persons and in 100 hospital patients. Reference ranges have been established for each protein from data obtained from the control population. For many of the proteins variations due to age and/or sex were observed. Sex hormones, probably oestrogens, were also observed to cause variations in some of the protein concentrations. Data obtained from the hospital patients indicated that further work should prove profitable and could enable specific protein determinations to be useful, both as a diagnostic tool and in following the course of a disease.
Modern immunological techniques, using specific antisera, have enabled a large number of serum proteins to be estimated quantitatively.Thetechniques are relatively simple to perform and yet, apart from immunoglobulins, such specific protein estimations rarely feature in the routine investigations carried out in clinical chemistry laboratories. It is well known that the metabolism of proteins, plasma proteins included, plays a vital part in the functioning of the human body; and many workers have observed that serum proteins change in various disease states. For these reasons the measurement of serum proteins is potentially a valuable diagnostic tool.
An immunological technique has been used to establish a serum protein profile. Reference ranges, in some cases taking into account age and sex, have been defined for each protein, using results obtained from a healthy control population. The profile was finally carried out on a random hospital population, to determine the usefulness of this procedure.
Choice of proteins to be included in the profile
Various factors affected the choice of proteins to be included in the profile, although it was initially decided to include at least one from each of the main electrophoretic groups. The proteins chosen were: (Xl-acid glycoprotein, (Xl-antitrypsin, ceruloplasmin «(X2), haptoglobin «(X2), transferrin ({1t), IgG and IgA (y).
The main factor governing which proteins were to be included was the availability of the pure protein for use as a standard, and for this reason transferrin, haptoglobin and (Xl-acid glycoprotein were considered first. Proteins such as albumin and fibrinogen, that are already analysed routinely by satisfactory methods, were not included.
-This paper was highly commended and awarded second place in the Arne' Award Competition, 1971. 4
Choice of technique for protein estimation
The technique chosen for this determination of plasma proteins was of necessity an immunological technique, no other protein estimation being sensitive and specific enough. There are a large number of immunological techniques that are quantitative to varying degrees of accuracy. These have been adequately reviewed elsewhere (Grant and Butt, 1970) .
The method that is most frequently used for individual serum protein estimations, and which is claimed to be precise and easy to perform, is the single radial immunodiffusion technique of Mancini et al. (1965) . Here serum is allowed to diffuse radially from its containing well into gel containing specific antiserum, and the diameter of the resulting precipitin ring measured for quantitat ion of the protein.
The 'rocket' technique of Laurell (1966) , one of the more recent quantitative techniques, was the method chosen for this work. It differs from the Mancini technique in as much as the proteins are drawn from their containing wells by an electric potential, as before into gel containing specific antiserum. Precipitin peaks are formed (see Fig. 1 ) the heights which are proportional to the original amounts of antigen applied. This method takes only 2-10 h, as opposed to the 24-48 h of the Mancini technique. Also, it seems that a greater precision should be obtained by measuring a distance of about 4 em (the height of an average Laurell 'rocket' peak) , as opposed to about 1 cm (the diameter of a typical Mancini 'ring').
Theoretical principles
The theoretical principles that lie behind the formation of a 'rocket' peak, and the reasons why the peak height is proportional to the concentration of antigen applied, while straightforward, do not appear to have been put forward before. As s A
METHODS

General method
Buffered agarose gel (0.1S ml/em" of glass plate) is melted on a boiling water bath and cooled to about 45'C. The necessary amount (previously estimated by trial) of a specific antiserum is added to the gel, now contained in a stoppered measuring cylinder and well mixed. The gel is then poured on to a warmed glass plate, on a carefully levelled surface, and allowed to set.
Holes are cut in the gel along a line 2 ern from, and parallel to, one of the long edges of the plate, the distance between each hole being at least 9 mm. The holes are filled with exactly 10 Itl of prepared antigen (serum) dilutions.
Prior to the equilibrium situation the relationship between the peak height and concentration of antigen may be non-linear. However, provided that a set of standards covering the entire concentration range is put on to each plate, quantitation of the peaks is possible at this stage. they are basic to an understanding of this technique, it would seem worthwhile to consider them here.
The titration curve at the bottom of Fig. 2 can be seen in any immunological textbook. It indicates how, as an antigen is added to a system containing its corresponding antibody, an increasing amount of precipitate forms. This occurs until a concentration of maximum precipitation is reached-the equivalence point-after which, excess antigen will cause the precipitate to redissolve. From a molecular point of view this equivalence point can be considered as the concentration required for lattice formation, excess antigen causing the structure to break up.
In the Laurell 'rocket' peak, the precipitin line around the edge corresponds to the equivalence point and the inside of the peak to a system of antigen excess. As the proteins (antigens) arc negatively charged (buffer pH 8-6), on application of a potential they will move forwards towards the anode, through the gel containing specific antibodies, and form a precipitate wherever equivalence proportions are reached. This precipitate blocks the progress of further migrating antigen. Eventually an excess of antigen will build up behind the precipitate and cause it to redissolve. In this way the precipitin peak is elongated. As the excess of antigen is used up, the precipitate is redissolved more slowly until there is no longer an excess of antigen and the peak stops elongating. In this way the peak height bears a linear relation to the original amount of antigen applied, and is therefore proportional to the initial concentration since the same volume is put into each well.
Fi~. I. The I.auren 'rocket' technique of immunoeledrophoresis showi~a typical a28rose plate after onedimensional electrophoresis and subsequent staini~procedures. The holes contained a series of serum dilutions; the gel a specific antiserum.
The plates are then electrophoresed, contact with the barbitone buffer (pH 8.6) being obtained with lint wicks. For convenience, electrophoresis was carried out overnight with a potential of about 50v (5 v/cm), although it would have been satisfactory to use 80v for 5-6 h. After washing, drying and staining the plates (0.1 % amido black in methanolic acetic acid), the resulting peaks can be easily measured.
Modification for IgG
When the technique is applied to the immunoglobin IgG, an interesting, although predictable, effect is observed: a double anodic-cathodic peak. Normally the electrophoretic mobility of a protein is great enough to overcome any electro-osmosis in the reverse direction and the usual anodic 'rocket' peak is formed. With TgG however, the low electrophoretic mobility causes the electro-osmotic effect to predominate and hence this double peak results.
No physical means was found to overcome this effect and, as quantitation by measuring the distance between the tops of the anodic and cathodic peaks was considered inadequate, the chemical method of Weeke (I 968a, b) was used. This involved increasing the electrophoretic mobility of the IgG molecules by carbamylation: standing the sera overnight at room temperature in potassium cyanate, 2 mol/I, Normal peaks were subsequently obtained.
Standardisation procedure
The height of peaks on anyone plate is dependant on many factors, such as voltage or gel thickness, and so it is essential to have a set of standards on each plate. Obviously an unnecessary expense would be introduced by using purified proteins every time, so a large batch of commercial freeze-dried normal control serum was obtained for this purpose. Before the control serum could be used it had to be standardised for all seven proteins. Ideally this should have been done by comparison with pure proteins, but such were only available for transferrin, haptoglobin and (Xl-acid glycoprotein.
No satisfactory commercial standard was found for ceruloplasmin or (Xl-antitrypsin. An assumption was made: that the control serum had a value equivalent to the normal mean quoted by other workers (Becker et al., 1968 : ceruloplasmin 30 mg/l 00 ml, antitrypsin 290 mg/loo ml). This was roughly confirmed in two ways. First, a comparison was made with a pool made up from 25 normal sera, the peak heights from the same dilutions being found to be almost exactly the same. Secondly, the newly standardised control serum was used to quantitate ceruloplasmin and antitrypsin in 25 normal sera, all values being found to fall within the reference ranges quoted by other workers. Such an assumption was considered valid in the circumstances, as a reference range was subsequently to be established.
The standard used for IgG and IgA was that proposed by the World Health Organisation and issued by the National Institute of Medical Research. It is a serum preparation calibrated in arbitrary units. Rowe, Anderson, and Grab (1970) introduced this standard in an attempt to improve the unsatisfactory reproducibility of results that they found between laboratories. This variance was largely due to the fact that purified immunoglobulin preparations were being used as standards. These exist in such widely differing states of aggregation that with different antisera and different techniques it was hardly surprising that such a large variance was found. Use of the new standard has been shown to decrease inter-laboratory variance greatly.
Precision
The precision of the method was established in terms of the coefficient of variation and was estimated in terms of two parameters: the 'within batch' precision on anyone plate and the 'between batch' precision, which is the overall precision of the method. The 'within batch' precision was found by setting up repeated samples of the same dilution on a large plate and was found to be about 3 %. The 'between batch' precision was obtained from the values obtained for a control that was put on to each plate used, and was found to be about 5°;';.
RESULTS
Analysis of a control population
In order that data obtained from a profile on hospital patients could be meaningful, it was first necessary to establish a reference range for each protein. This was done by carrying out the profile on sera from 50 healthy persons, male and female, between the ages of 18 and 75 years. From the data a mean and standard deviation were calculated for each protein, and reference ranges provisionally taken as the mean ± two standard deviations.
The data was also analysed to see if there were any age or sex variations in protein concentration. Only for IgG and IgA were differences negligible. All the other proteins showed some variations.
The (Xl proteins, acid glycoprotein and antitrypsin showed some increase with age and also a significantly wider range with females. Pre-menopause females were observed to have a mean acid glyco- 
Protein
Mean value and (reference range) Ranges of (mg/l 00 ml unless
,-Acid 96 (50-130) Some increase with age. 55-140; glycoprotein Slightly wider range with 70-110 females.
.Antitrypsin Male Very slight increase with 200-400; 260 (200-330) age. Wider range with Female females. 190-500 Over 46 years values grea-20-45; ter than mean. Males 10-40 under 46 are below mean. Females under 46 cover whole range.
Haptoglobin
Under 46 y Levels below the 'refer-25-220; (Values depend 140 (30-250) ence range' are probably 10-220 genetic Hp-type) Over 46 y not significant unless 200 (50-360) zero. protein value lower than that for males of a corresponding age, and similarly a higher antitrypsin value. The greatest variations were observed with haptoglobin, ceruloplasmin and transferrin, where differences were so great that qualifications had to be made to the reference ranges previously established (see Table 1 ).
Haptoglobin showed no sex difference but a very great variation with age (see Fig. 3 ) the mean concentration being 120 mg/IOO ml at 20 years and 250 mg/IOO ml at 70 years.
Transferrin showed a slight decrease with age but a significant sex difference; pre-menopause females had higher mean values than males of a corresponding age and similarly had a wider range of concentrations.
Ceruloplasmin showed considerable age and sex variations (see Fig. 4 ). Serum concentrations were found to increase with age, from a mean of 23 mg/IOO ml at 20 years to 40 mg/100 ml at 70 years. Although a general reference range of 20-45 mg/100 ml was established, all persons over 46 years had values greater than the overall mean value of 31 mg/ I00 ml. Males under 46 years all had values below the mean, but females under 46 years had values covering most of the reference range.
The effect of sex hormones
Seven females, all under 35 years of age, including two who were known to be taking oral contraceptives of the combined oestrogen/progestin type, were found to have ceruloplasmin values outside the reference range, one even being raised to 300 % of the mean (see Fig. 5 ). It seems likely that all seven women were taking 'the pill' and that these The IgG, IgA, acid glycoprotein and haptoglobin values of these women seemed to be unaffected, but it was observed that the a:,-antitrypsin, and transferrin were either raised or had values at the top of the reference range in nearly all seven cases. These results are in agreement with those obtained by Laurell et al. (1969) , when they compared the results from 20 healthy subjects before and after treatment with steroid pills. They found that ceruloplasmin was markedly elevated, as were antitrypsin and transferrin, though to a lesser extent. They also detected some lowering of acid glycoprotein and haptoglobin, but this was not observed in the results obtained here. 
Analysis of a random hospital population
Having established a reference range ('normal range') for each protein, the profile was carried out on 100 hospital patients. Plasma specimens were taken at random from those coming into the laboratory for routine biochemical investigations.
The histogram (Fig. 6) showing the distribution of a:,-acid glycoprotein concentrations is typical of most of the proteins: a proportion of results were within the reference range but a large number of patients had abnormal values (see Table 3 ), numbers progressively decreasing with the degree of abnormality. For many of the proteins the spread of results was quite considerable. A similar histogram for haptoglobin and IgA, for example, had values extending to 600 % of the normal mean. Abnormal values were either all elevated or all reduced, other than for IgG. Exceptions were usually due to special circumstances (Table 3) . For example, if transferrin was abnormal it was usually reduced. Two of the only three exceptions could have been due to the effect of sex hormones: oestrogens and gonadotrophin. The results from just over 60% of the patients profiled are summarised in Table 4 . The other patients either had disorders which remained undiagnosed, had multiple pathology, or else represented individual cases of disorders not included in these general pathological groupings. For many of the conditions mentioned only a few patients were studied, so a rigid interpretation of the results was not possible. However, despite the general nature of the groupings, there were obvious trends in protein alterations. These were usually consistent with results obtained by other workers (Easton et al., 1965; Laurell and Gronvall, 1962; Werner, 1969) .
A few observations are worth emphasis: lXI-Acid glycoprotein was found to be raised in almost all conditions of tissue damage and inflammation, although the highest values were observed in a large proportion of the malignant conditions.
Renal dysfunction was generally associated with raised levels of acid glycoprotein, antitrypsin and haptoglobin, with reduced transferrin and with normal values of ceruloplasmin and IgA. However, with proteinuria, a chronic renal failure gave either normal or reduced serum protein levels.
In cardiovascular disorders, excepting myocardial infarction and more advanced rheumatic heart disease, protein concentrations were often 
oj. t protein concentration higher than the reference range in 90'\, about nine out of ten patients.
., protein concentration lower than the reference range ---protein concentration generally within the reference range but (t 30;~i;l) elevated in about one third of the patients.
--protein concentration within the reference range.
normal. 19A was an exception: elevated values were observed in about half of the patients.
In the post-operative phase, the (Xl proteins were always elevated and ceruloplasmin was raised in about half of the patients. Transferrin was generally reduced and the immunoglobulins usually within normal limits. Haptoglobin was either raised or, when haemolysis was occurring, as in patients after cardiovascular surgery, could not be detected at all.
In the majority of cases it was found that a consideration of all the protein levels was more significant than anyone particular protein. It was also observed that the degree of abnormality of the proteins usually reflected how ill the patient was.
A useful method of reporting the results was found to be that illustrated in Figs. 7, 8, 9 value and the distance from it the positive or negative percentage deviation from the mean. Shaded areas represent concentrations outside the established reference ranges. This is a mode of presentation that has certain advantages over a straightforward list of results: it immediately draws attention to grossly abnormal values and also enables results to be more readily assessed, relative to their appropriate reference ranges. The report sheet is similar to that devised by Robert F. Ritchie ('Clinical use of automated precipitin data: a problem of volume and physician acceptance'-presented at the Technicon International Congress, November 1970, in New York) .
The value of considering the overall protein results is best illustrated by an example: Figures 7 and 8 show the results obtained from carrying out the profile on two patients with ad- The patient represented by the results shown in Fig. 9 had bronchiectasis. In comparison with the carcinoma patients it can be seen that the tXl-acid glycoprotein and haptoglobin are raised to a lesser extent, while the IgA is elevated to a greater degree. Figure 10 shows the results obtained from a patient admitted to hospital with suspected carcinoma of the bronchus. No malignant cells were found in his sputum and, at that time, the diagnosis was not eonfirrned. The question remains as to whether his protein profile results would have been useful in a differential diagnosis: the acid glycoprotein was raised but to a relatively small degree, very different from the cases of bronchial carcinoma. His haptoglobin was also lower than in the proven carcinoma cases, and his IgA was raised as in the case of bronchiectasis.
Acid glycoprotein
Males Females Antitrypsin
Males Females Ceruloplasmin
Males Females Transferrin
Males Females
Mean (Scattering Range) (mg/IOO ml) 100 (75-130) 90 (50-130) 260 (200-330) 290 (200-380) 25 (20-30) 30 (20-40) 260 (220-300)
(225-390)
DISCUSSION
The Laurell 'rocket' technique has proved to be specific, sensitive and precise, although for use in a profile it has some disadvantages: the great care necessary in preparing the plates and the fact that different dilutions are required for each protein make the procedure rather laborious. A routine protein profile on every laboratory specimen would not be feasible by this method without several fulltime staff and considerable laboratory space. If, however, an automated method was used, that gave precise and specific results, it seems likely that such a profile would prove to be very useful both in diagnosis and in following the course of disease. One automated method, based on an immunological turbidometric procedure, is quantitated by use of a nephelometer (Larson et al., 1970) .
The reference ranges established from the control population were mostly in agreement with those obtained by other workers (Becker et al., 1968; Storiko, 1968) , who made no qualifications however regarding age and sex variations in these proteins. Analysis of the results obtained from healthy persons indicated that for some of the proteins: tXcantitrypsin, ceruloplasmin and transferrin, the sex of the patient should always be taken into consideration when assessing results. In the case of ceruloplasmin and haptoglobin, it was clear that the age of the patient must be considered.
The probable effect of sex hormones to elevate some of the protein concentrations, ceruloplasmin, l-antitrypsin and transferrin, should also be taken into account, especially for women taking oral contraceptives. It seems most likely that the differences were caused by oestrogens. If this is so, the sex variations (Table 2 ) observed in healthy persons under 46 years of age can possibly be explained as a direct hormonal effect. The control population would contain women at all different stages of the menstrual cycle, who would therefore have a wide range of plasma oestrogen activities. Although these levels would be low compared with those of women taking oral contraceptives, they could be variable enough to cause the wide range of protein values, and high enough to result in the higher mean value for females of pre-menopause age than was observed for males of a corresponding age. The fact that ceruloplasmin, which was found to show the greatest variation in women on 'the pill', also showed the greatest sex variation, is in support of the theory. tXI-Acid glycoprotein was also observed to have a small sex variation in the control population: a wider range and a lower mean value for premenopause females than males, although no additional effect was observed in women taking oral contraceptives. A larger group would have to be studied before conclusions are made, although it is possible that oestrogens may be found to lower the protein concentration slightly.
In the patient population it was observed that the overall protein situation was usually more important in interpreting results, than individual protein concentrations. This was illustrated by the clinical examples given above. The protein 'patterns' in Figs. 7-10 show an outstanding similarity to each other. It is not suggested that such 'patterns' are diagnostic of bronchial carcinoma and bronchiectasis, or that they will always be found in these disorders; in fact a patient in the earliest stages of bronchial carcinoma would probably have a normal protein profile. However, the fact that such similarities of results occurred at all in a completely random group of patients, and were also found to a similar or lesser degree in other conditions, indicates that such an approach to specific protein estimation is certainly worth serious consideration and may be very useful once a larger amount of evidence has been accumulated. It is possible that such a protein profile could be used, together with other biochemical information, as a diagnostic tool and also in following the course of a disease, as the degree of abnormality of the proteins usually reflects the severity of the disease.
Although emphasis has been placed on a consideration of the overall protein situation, there are undoutedly cases where consideration of individual proteins is of value. The most obvious is in the detection of genetically determined protein abnormalities, such as the ceruloplasmin deficiency associated with Wilson's disease (Gel!, 1957) or Cl't-antitrypsin deficiency, which may be associated with pulmonary emphysema (Hutchison et al., 1971) . Haptoglobin can be estimated to detect haemolysis, although a low value must be interpreted with care, as a significant proportion of the healthy control population had low haptoglobin values. These may have been due to genetical effects, or else to an immunological effect, as some antisera may react in varying degrees with the three different genetically determined types of haptoglobin.
The cxcacid glycoprotein is also worth individual consideration. In common with cxt-antitrypsin and haptoglobin, it is elevated in inflammatory diseases and cases of tissue damage. The highest concentrations, however, are often associated with malignant conditions. There is no evidence that estimation of this protein will detect the early stages of carcinoma, although if the patient's own 'normal value' is known or successive estimations are carried out over a period of time, a slight, but progressive, increase could perhaps be observed in some patients.
In conclusion, it must be noted that results discussed in this presentation, apart from those pertaining to the control population, have been observed in a comparatively small number of patients. For this reason they cannot be interpreted too rigidly or, in anyone condition, be claimed as diagnostic. Results obtained do, however, suggest that further work could be very profitable and could enable specific protein determinations to be an invaluable diagnostic tool or an aid in following the course of a 13 disease. However, if protein results are used as such, they must always be interpreted with care, as genetical factors or multiple pathology, such as proteinuria or macroglobulinaemia, could lead to unexpected results. I wish to express my gratitude to Professor T. P. Whitehead and Miss L. O. Morris for their valuable advice and encouragement throughout this work.
